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The present invention relates to an organization of 
microprogram controls for a data processing system, and 
particularly to a method for increasing the ef?ciency of 
utilization of a control store and to access controls re 
quired therefor. 

In present day computers sequencing controls having 
improved uniformity of design, increased efficiency, and 
improved simplicity and ?exibility, can be produced by 
the use of micro-programming techniques. A designer 
of such controls starts with a list of major order codes, or 
macroinstructions, which represent gross functions to be 
performed by the computer, and translates each of these 
into a series of basic micro-operations, or elemental sys 
tem states. Each micro-operation is controlled by a cor 
responding micro-instruction word contained in a control 
storage matrix of permanent or semi-permanent construc 
tion. And for access to this matrix, to implement the 
basic micro-program sequences, basic access controls are 
provided which are sequentially responsive in part to 
signals derived from current matrix outputs and in part 
to branch control signals derived from sources external 
to the controls. Thus, the conditions of the latter signals 
are, in general, indeterminate or variable. 
To the extent that access to the control store is con 

trolled by the current microinstruction output of that 
store, the selection of the next microinstruction address 
may be said to be predetermined. Thus, the size or range 
of the group of control storage addresses from which the 
next address will be selected is determined only by the 
range of the independently varying branch control signals. 
Usually the maximum number of branch choices (Le. 
the widest range) is ?xed by selecting a predetermined 
number of branch control signals from a larger ?eld of 
variable signals, in accordance with conditions to be 
met by the microprogram. 

It is in this area mainly that the problem solved by 
the subject invention presents itself. Assume, for example, 
that two variable binary branch control signals, selected 
from a larger set of signals in each cycle of access to 
the control store, are used to deterimne the next micro 
instruction address in that store. Since the values of these 
two signals will not be predetermined at the time of selec 
tion the address of the next microinstruction may be any 
one of a group of 22:4 addresses. Accordingly, at each 
of these four addresses in the control store a microinstruc 
tion is provided for executing the micro-operation corre 
sponding to the branch decision associated with that ad 
dress. This is ?ne if the microprogram design calls for 
four distinct decisions to be made, and therefore for one 
of four different micro-operations to be performed. And 
even if the design requires only two distinct choices to 
be made it is a simple matter to substitute a signal of pre 
determined value for one of the two branch control sig 
nals in accordance with information in the microinstruc 
tion from which the branch is to be made. 

But suppose that the microprogram designer must im 
plement a choice of one of three branch actions. This is 
quite another matter. What is ordinarily done in such 
cases, and is usually adequate, is to provide a super?uous 
choice by ?lling four branch addresses in the control 
store with three different microinstructions and one re 
dundant microinstruction. 
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As was stated this would usually be adequate, but if 

control storage space is limited, for example by restric 
tions established in the design speci?cation to meet price 
and performance criteria, each wasted microinstruction 
word space can be quite signi?cant. For example, in the 
design of one particular system in which the speci?cations 
called for 2,816 microinstructions, each 90-bits in length 
and each selected in accordance with the state of either 
one or two independently varying branch control signals 
(i.e. two~way or four-way conditional branching), it 
was found that almost all of the control storage matrix 
space was required to implement the immediate pro 
gram order and processing codes, so that the amount left 
in reserve was then insufficient to meet requirements in 
itially speci?ed for reserve. In analyzing the situation 
more closely. it was found that in excess of one hundred 
microinstructions would be redundant, since they repre 
sented super?uous fourth possibilities in three-way 
branches. The two branch control bits by which these 
instructions were addressed were capable of ranging 
through all of four code combinations (Le. 00, 01, 10 
and 11). If one of these bits was directly masked or 
controlled so that its value was predetermined (e.g. l) 
the range of the two bits could be decreased to two values 
(eg. 10 and 11) but not to three. 
Another observation made in connection with the above 

evaluation of the use of the control store, concerned the 
microinstructions which were reached through two-way 
address branches (Le. with one of the two branch con 
trol bits set to a constant). It was noted that a consid 
erable number of these microinstructions were also super 
?uous, because they were reached by branches in two 
parallel paths in which only three distinct microsopera 
tions are called for by the program design. 
These and other observations led to the development of 

the simple yet effective alternative approach which con 
stitutes the basis for the subject invention. The observa 
tions can be readily extended to apply to a control store 
addressing system involving any number n of independ~ 
ently varying branch bits. In general, the problem is to 
be able to limit the range of variation of n variable ad 
dress selection bits to a number of address values M, 
where M is not a power of 2, so that hitherto required 
“filler,” or redundant microinstructions can be eliminated 
from the control store by a micropr-ogram designer. 
An object of this invention is to provide microprogram 

controls by means of which the inefficient use of redun 
dant microinstructions as characterized above, may be 
avoided. 
Another object is to provide microprogram access con 

trols which can be made to respond variably to an n-digit 
variable branch control signal ranging over a ZH-Value 
address code to control selections of microinstruction ad~ 
dresses from variable-sized groups of M addresses, where 
the value of M can be restricted to at least one value 
which is not a power of 2. 
Another object is to provide control storage access con 

trols for cyclically selecting microinstruction addresses, 
each with reference to a combination of n binary branch 
control signals, and for conditionally restricting the range 
of variation of any such combination to a set of M values 
where M is not an integral power of the base of the 
combination. 

Yet another object of the invention is to provide cy 
clically operable control storage addressing controls which 
‘can perform cyclic selections of addresses in accordance 
with selected combinations of variable binary branch con 
trol signals, and which can be conditioned in accordance 
with current micro-instruction information to respond to 
any such combination to select one address from a num 
bcr M of distinct addresses, where M either is or is not 
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a power of 2 according to the condition of said addressing 
controls. 

Another object is to provide cyclically operable control 
storage addressing controls which can be conditioned in 
one cycle of utilization of said store, to select a next 
address in said store in accordance with an M-valued code 
combination of n binary branch control signals, where M 
is a variable which can have a value which is not a power 

of two. 
Another object is to provide cyclically operable control 

storage addressing controls which can be conditioned by 
successive outputs of control storage, over a plurality of 
addressing cycles, to select a series of control storage 
addresses in accordance with a corresponding series of 
variable binary branch control signal combinations, while 
the effective range of variation of said combination over 
said cycles is restricted to include a number of values 
which is not a power of 2. 

In accordance with these objects a feature of the inven 
tion involves the provision of a branch control bit trans 
lating and converting circuit which is interposed between 
otherwise conventional branch bit selection and address 
ing controls of a control storage matrix. This circuit can 
be conditioned to a number of different states whereby all 
of the branch bits may either be translated unchanged, or 
one or more bits may be transformed according to a func 
tion of the instantaneous values of all of the bits, whereby 
the number of bits applied to the addressing controls re 
mains invariant, but the number of distinct combinations 
of these bits varies between two numbers, one of which 
is not a power of 2. In particular, two branch bits, which 
would ordinarily provide either a two-way or a four-way 
address selection branching choice, can be conditionally 
manipulated by this circuit to effect three-way branches. 

These and other objects and features of the invention 
may be more fully understood and appreciated by con 
sidering the following detailed description thereof in as 
sociation with the accompanying drawing wherein: 

FIG. 1 is a schematic block drawing illustrating a gen 
eral organization of microprograrn controls in a data 
processing system and the relationship thereto of the 
translating and converting circuit of this invention; 

FIG. 2 is a diagrammatic representation of a control 
store illustrating a range of successor addresses from 
which an address may be selected in one cycle of the 
microprogram controls shown in FIG. 1; 
FIG. 3 is a schematic drawing showing details of a 

circuit in accordance with this invention for controlling 
the range of variation of selected branch control signals; 

FIG. 4 is a diagrammatic illustration, in tabular form, 
of the various signal conditions which may occur in the 
system of FIG. 1. 

Referring to FIG. 1, microprogram controls in one par 
ticular system functioning in accordance with this inven 
tion comprise a capacitor read-only store 1, also desig 
nated ROS, which is an array of crossed wires at the in 
tersections of which capacitances of different value are 
provided. Such stores are well-known; a typical store for 
example being generally disclosed in the IBM Technical 
Disclosure Bulletin of January 1963, vol. 5, No. 8, pages 
47-48, in an article by C. E. Owen et al., entitled, “Read 
Only Memory.” The store 1 contains approximately 2,816 
rows, each comprising a different 90-bit word (90 col 
umns) of control information. In each cycle of operation 
of the associated computer system (not shown) a signal 
?eld corresponding to one of the 2,816 90-bit words stored 
in ROS is produced at 2 in response to a twelve-bit ad 
dress signal furnished by address selection control circuit 
3. The circuit 3 is controlled in part by signals derived 
from the current output of ROS, as indicated at 4 and 
in part by a pair of variable binary branch control sig 
nals A’ and B’ which are produced by the branch bit con 
verter circuit 5 of this invention from respective input 
branch bits A and B. The circuit 5 is controlled by other 
information in the current output ?eld of ROS as indi 
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cated at 6. Another set of inputs to the circuit 3, which is 
not shown, is derived from order codes in variably stored 
program instructions which are interpreted as conditional 
function branch bits by the system shown in FIG. 1. Such 
inputs are not shown since they are not relevant to the 
subject variable branching operations of the system. 
The signals A and B are in turn derived from respec 

tive A and B sets of externally originating signals through 
respective A and B selector circuits 7 and 8, which are 
controlled by other information U and V in the current 
ROS output ?eld as indicated at 9 and 10, respectively. 
The structure and operation of circuit 5 is described more 
fully below with reference to FIGS. 3 and 4. 
The A branch bit is selected from a plurality of sources 

indicated at 11. These sources are respectively designated 
A0, A1, A2 . . . AL. A0 and A1 are constant signals hav 
ing respective values representative of binary integers 0 
and l. A; . . . AL have variable binary values The sig 
nals Au . . . AL are respectively selected by correspond 
ing combinations U0, U1 . . . UL, of the microinstruc 
tion code segment U. In this particular embodiment U 
contains six bits and is therefore capable of controlling 
the selection of a maximum of 26:64 different items. 
Hence L is an integer less than 64. 
The B branch bit is selected from the ?eld B0, B1 . . . 

Bk where B0 and B1 are signals of constant binary value 
(0 and 1 respectively) and all of the others are variable. 
For reasons not directly pertinent to the present invention 
V is a 5-digit set capable of representing 32 different com 
binations, K of which, designated V0, V1 . . . Vk, are 
effective to control the respective selections of constant 
signals 0 and l, and branch variables B2 . . . Bk, where 
k is an integer less than 32. 

If bits A and B are both selected from among the vari 
able sources in the respective A and B sets. in any one 
cycle of selection they may assume any one of the four 
combinations of binary states 00, 01, 10, or ll, and there 
by condition the controls 3 to select the next microin 
struction address in any one of four different ways. On 
the other hand, if the value of A or B is predetermined 
by a selection of a constant signal (e.g. A0) the range of 
such conditional selection is narrowed down to two pos 
sibilities, or to one unconditional choice if both A and B 
are predetermined. 

For example, if the value of A selected by U is pre 
determined to be 0, by the inclusion of the combination 
U0 in the current microinstruction field, the state of 
AB (00 or 01) will depend only on the state of. B, and 
therefore the next microinstruction selection may be based 
on a corresponding two-way branch address choice. If the 
values of A and B are both simultaneously predeter 
mined, the address of the next microinstruction may be 
unconditionally predetermined. 
The foregoing circuits are operated cyclically by basic 

timing control signals (not shown) so that in each basic 
computing cycle a pair of signals A, B is selected and 
variably translated as the pair A'B’ to circuit 3. This 
circuit selectively combines A’ and B’ with the prede 
termined 10-bit signal P (:P0P1 . . . P9) to form the 
12-bit address of the next microinstruction to be recovered 
from the store 1. During the same cycle the store 1 pro 
duces an output ?eld 2 from an address determined by 
the 12-bit output of circuit 3 in the previous cycle. 
The P-?eld signals P0 to P9 are predetermined in ac 

cordance with the control ?eld information at 4, and 
therefore the combinations of the P-field and the possible 
values of the variable bits A’ and B’ de?ne a group of 
addresses 20 in ROS, as indicated in FIG. 2. In each 
such group there are a maximum of four addresses which 
are speci?ed as a group by P0 to P9 and individually by 
the actual conditions of bits A’ and B’. The latter bits 
can range over the set 00, 01, 10, and ll as shown in 
FIG. 2 and thereby, in any one cycle, they can specify 
any one of four addresses within a selected group 20. 
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The most distinctive element of the system shown in 
FIG. 1 is the branch converter 5 within the broken out 
line 25 and its action in cooperation with the other cir 
cuits to conserve control storage space by conditionally 
transforming a 4-valued code into one of several 3-vnlued 
codes (in general M-valued codes, where M is other 
than an integral power of 2). 

The branch bit converting circuit 5 comprises a pair 
of OR circuits 33 and 34, a pair of inverting circuits 35 
and 36, and four AND circuits 37-40. OR circuit 33 
combines the outputs of AND circuits 37 and 38 with 
the signal B to form the signal B’, and OR circuit 34 
combines the outputs of AND circuits 39 and 40 with 
the signal A to form the signal A’. 

Signals W, X, Y and Z derived from the microinstruc 
tion ?eld 2, are connected to respective ?rst inputs of 
AND circuits 37—40, each of which is also provided with 
a second input. In each microinstruction ?eld the signals 
W, X, Y, Z are assigned predetermined binary values 
which are either all 0, or a combination of one 1 and 
three O’s. The second inputs of AND circuits 38 and 39 
are respectively connected to the lines carrying the sig 
nals A and B, and the second inputs of AND circuits 
37 and 40 are connected to the complemented outputs 
K and B of inverters 36 and 35, respectively. 

With the connections just described the signals B’ and 
A’ are represented by the Boolean expressions: 

From expressions (1) and (2) it is clear that B’ is a 
function of the variable instantaneous values of B and A 
in combination with the predetermined instantaneous 
values of control signals W and X, and A’ is determined 
by a similar function of A and B together with the pre 
determined signals Y and Z. 
As noted above the branch bit selecting signals U 

and V are plural digit quantities which are relatively in 
dependent of each other, whereas W, X, Y and Z are re 
stricted in a mutually exclusive sense so that at most one 
of the latter will have a value of 1 in any microinstruc 

tion cycle. 
Referring now to FIG. 4, various states of the signals 

U, V, W, X, Y, Z, A, B, A’ and B’, are examined in 
seven different microinstruction selection cycles, 50 to 56. 
In each of cycles 50 to 54, the values of U and V are 
indicated to be values U, and V, (j greater than 1) which 
select variable signals A_; and B3 (j>l) as the A and B 
branch control bits. The intent in cycles 50 to 54 is to 
demonstrate the effect of the circuit 5 on pairs of bits 
A and B when both bits are variably determined (hence 
when j>l). In contrast to this, in cycles 55 and 56. which 
need not be consecutive, the indicated values of U. are 
the respective combinations U0 and U, which select the 
constant binary signals A0=O and A1=1 respectively, 
while the indicated value V; of V, remains representative 
of a combination for selecting a variable B bit. 

Thus, in each of the cycles 50 to 54 the branch bit 
pair AB can have any of four conditions (00, ()1, 10 or 
11), as indicated. for example, at 60, and can therefore 
be used to determine a 4-way conditional branch in the 
selection of the next microinstruction address. In each 
of cycles 55 and 56, however, the pair AB can only have 
one of two conditions (00 or 01, in cycle 55, and 10 or 
11 in cycle 56) because A has a predetermined value. 
Hence in each of the latter cycles AB can only be used 
to control a 2-way conditional branch. For further refer 
ence below it is noted that two 2-way branches as in cycles 
55 and 56 conditioned only on a variable value of one 
of the branch control bits (e.g. B) while the other bit 
(e.g. A) is set ?rst to one predetermined binary state 
and then to the opposite binary state, can have an effect 
analogous to a single cycle 4-way conditional branch 
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6 
since there are four distinct possibilities for the value 
of the pair AB in the two cycles. 
When W:X:Y:Z:O, as in cycle 50, expressions 

(1) and (2) above reduce to: 
(3) B’:B, and 
(4) A'=A, and therefore, as shown at 61, the value 

of A'B' will be the same as that of AB indicated at 60. 
In cycle 51, however, wherein W=1, and X: Y=Z=0, 

expressions (1) and (2) reduce to: 
(5) B':B+?l' (i.e. B’ is 1 if, and only if, B and/or the 

complement of A are/is 1), and 

as a result of which, as indicated at 62, the ?rst two values 
of A'B' which correspond to the ?rst two values of AB, 
are equal to each other, and the last two values of A'B' 
are different. This then amounts to a “four to three trans 
formation” of the AB code set. 

Denoting the transformation just described as a single 
cycle "W” transformation, it may be seen that in cycles 
52, 53, and 54, similar single cycle transformations, which 
may be designated X, Y, and Z transformations result 
from the respective setting of X, Y or Z to 1, while the 
other three of the parameters W, X, Y, and Z are set to 0. 
For X=1 (cycle 52) B’:B+A (i.e. B':l if, and only if, 
B and/or A are/in l) and A'TA. Hence the third and 
fourth values of AB (10 and 11) transform into the single 
value 11 as indicated at 63. For Y=1 (cycle 53) B'=B 
and A’=A -|-B (i.e. A’ is 1 if, and only if, A and/or B 
are/is 1) whence the second and fourth values of AB 
(01 and 11) map into the single value 11 as shown at 64. 
When 2:1 (cycle 54) B':B and A':A+F (A’ is 1 if, 
and only if, A and/or the complement of B are/is 1), 
whereby, as shown at 65, the two AB values 00 and 10 
map into the single A'B' value 10. 
As shown at 66, in cycle 55, when Y:l, UzUn. and 

V=V,, the two possible values of AB which can be se 
lected (i.e. the values 00 and ()1) map into the two A'B' 
values 00 and 11 as in the Y-transformation of cycle 53. 
And in cycle 56, with U=Ub V=Vj, the possible values 
of AB and A'B' are 10 and 11. Thus, four distinct possibil 
ities ‘for the values of AB in cycles 55 and 56, are trans 
formed into the three values associated with the Y-trans 
formation of cycle 51 with a 2-way conditional branch in 
each of two cycles. 

It may readily be seen that if Z had been the controlling 
parameter in cycle 55 instead of Y, the possibilities for 
A'B’ would correspond to those in cycle 54 but with a 
choice of two different possibilities in each of cycles 55 
and 56. 

If, however, W had been used as the controlling param 
eter in cycle 55, or X in cycle 56, the value of A’B' in 
that cycle would have been predetermined (i.e. there 
would have been an unconditional address selection) be 
cause, for example, the two equal A'B' values shown at 
62 might then have been the possible values of NE’ in 
cycle 55. Unconditional selections of this sort can just as 
easily be produced by selection of predetermined values 
for A8 via UV: e.g. via U0 V0, Un V1, etc. 
The illustrated example for cycles 55 and 56 demon 

strates that it is possible to have two 2-way conditional 
branches in two distinct and not necessarily consecutive 
selection cycles, and yet select an address from a group 
of only 3 different micro-instruction addresses where pre 
viously 4 addresses were reserved for this purpose. It 
should be noted that in the 2-cycle transformation the 
P-?eld (P0, P1 . . . P9) in the current microinstruction 
of the ?rst and second cycles must be the same. Otherwise 
the two second cycle branch addresses would be different 
from both ?rst cycle branch addresses. 

While the term “Z-cycle” has been applied to the selec 
tion procedure characterized at 55 and 56, this is not 
meant to imply that the selections at 55 and 56 must 
occur in any predetermined sequence to be effective. For 
example, one microinstruction MI,, in the control store 
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1 can have as possible successor microinstruction addresses 
SMAI (A'B':00) and SMA2 (A'B'zll) and another 
microinstruction MI,1 entirely unrelated to MID, can have 
as possible successor addresses SMA3 (A'B'::l(l) and 
SMAz (A’B':l l) in accordance with the plan illustrated 
at 55 and 56. However, were it not for the Y transforma 
tion in the selection of the successor to M1,,, it would 
have been necessary to duplicate the microinstruction 
stored at SMA2 at a fourth address SMA4 (corresponding 
to AB=01). 

It is also noted that not only is the illustrated 2-cycle 
transformation in cycle 55 and 56 only an example of 
one of four such transformations which can be obtained 
from the arrangement of FIG. 1, but also, and even more 
signi?cant perhaps, the arrangement of FIG. 3 cannot pro 
duce all 4-way to 3-way single cycle transformations. For 
example, it cannot transform AB=OO into A’B'zll, or 
AB=01 into A’B'=10. This, however, is a matter of 
design choice. In general a choice of four transformations 
such as that provided by the circuit of FIG. 3 will be ade 
quate for most control storage organizations. 
Having thus described one aspect of the invention, as 

it pertains to one and two cycle transformations of 4-way 
conditional branch parameters into 3-Way branches, vari 
ations on this basic theme, and extensions thereof to 
applications involving an arbitrary number n of branch 
control variables will readily occur to those skilled in the 
art, and it is intended that all such variations, within the 
scope and spirit of the invention as set forth herein, shall 
be subject to the protection afforded by the accompanying 
claims. For example, those skilled in the art will readily 
appreciate that if three of the four AND circuits 37-40 
were omitted from the circuit of FIG. 3, a one-cycle 3-way 
branch effect could still be obtained upon energization of 
the remaining AND circuit. This, however, might impose 
‘an undesirable restriction on the microprogram designer 
because if two different 3-way branches, from two differ 
ent microinstructions, must combine different members 
of the set of four possible successor microinstructions, 
such sharing of microinstructions could not be imple 
mented by one ?xed transformation. 

While the invention has been particularly shown and 
described with reference to preferred embodiments thereof, 
it will be understood by those skilled in the art that the 
foregoing and other changes in form and detail may be 
made therein without departing from the spirit and scope 
of the invention. 
What is claimed is: 
I. In a cyclically operable microprogram control 

system: 
a source of a plurality of variable branch control sig 

nals, combinations of which are useful for variably 
determining branch selections of microinstructions; 

means coupled to said source for translating said sig 
nals; 

means coupled to said translating means for condition 
ally modifying one branch control signal of a combi 
nation by superimposing thereon a signal conditioned 
upon the instantaneous value of at least one signal 
in said combination; and 

means enabling the said modifying means in accordance 
with information in a previously selected microin 
struction. 

2. In a cyclically operable microprogram control sys 
tem including means for cyclically producing control 
microinstructions in a selective sequence in response to 
variable combinations of binary branch control signals, 
the improvement for conditionally restricting the range 
of selection of said branch control signals to a range of 
M selection choices, where M is not an integral power of 
2, comprising: 
means operable to variably translate said branch con 

trol signal combinations to said microinstruction pro 
ducing means; 

said translating means including normally disabled 
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8 
means which can be operated to transform certain 
of said branch signal combinations into different com 
binations while translating all but said certain com 
binations without change, the total resulting combi 
nations comprising at most M combinations, Where 
M is not a power of 2; 

means coupled to said translating means for condition 
ally operating said transforming means therein to 
act upon said branch control signals. 

3. Microprogram sequencing controls comprising: 
means operable to produce control micro instruction 

signals in a selective sequence; 
a source of variable signals; 
means responsive to certain information in each said 

microinstruction signal to produce a variable address 
signal including a selected combination of said vari 
able signals for controlling the next selection of said 
microinstruction signal producing means; and 

means responsive to other information in each said 
selectively produced microinstruction signal to selec 
tively modify a part of said variable combination 
in said address signal in accordance with a function 
of the instantaneous signals in said combination. 

4. Microprogram controls for producing control micro 
instructions in variable microprogram sequences com 
prising: 
means for producing microinstruction signals in a selec 

tive sequence; 
means responsive to information in each said micro 

instruction signals to selectively produce an n-digit 
binary branch control signal for controlling the next 
selection made by said microinstruction signal pro 
ducing means; 

means operable to translate said branch control signals 
to said microinstruction signal producing means for 
controlling the selections thereof; 

said translating means including means which can be 
operated to transform at least one, but not all of 
the possible value combinations of said branch con 
trol signals into other n-digit signal combinations, to 
limit the range of possible values of said translated 
branch control signals to an integral number of value 
combinations other than a power of the integer 2; 
and 

means for conditionally operating said transforming 
means in response to certain information in each 
said produced microinstruction signal. 

5. An ef?cient organization of microprogram controls 
comprising: 
means cyclically operable to selectively produce con 

trol microinstruction signals; 
means responsive to one part of said said microinstruc 

tion signal to produce a variable address signal, in 
cluding a pair of variable branch control bits, for 
controlling the next selection of a microinstruction 
signal by said microinstruction signal producing 
means; 

means controllable by another part of each said micro 
instruction signal to conditionally superimpose a 
signal of predetermined value on at least one bit of 
said pair of branch control bits in accordance with 
the value of the other bit of said pair; and 

means controllable by still another part of each said 
microinstruction signal to select said branch control 
signals from a ?eld including signals of constant value 
and other signals of variable value. 

6. An ef?cient organization of microprogram controls 
comprising: 
means cyclically operable to selectively produce control 

microinstruction signals; 
means responsive to one part of each said microinstruc 

tion signals to produce a binary address signal, in 
cluding a pair of variable branch control bits for 
variably controlling the next selection of said micro 
instruction signal producing means; 
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a plurality of means each capable of conditionally 
superimposing a predetermined signal representing 
a different function of both branch control bits, on 
at least one of said branch control bits; and 

means for conditionally operating an exclusive one of 
said plurality of means in accordance with another 
part of each said microinstruction signal. 

7. An organization of controls as set forth in claim 6 
wherein: 

two of said microinstruction signals produced in dif 
ferent cycles of said microinstruction producing 
means contain information in said one and said an 
other parts thereof for operating said branch control 
signal producing means and said predetermined sig 
nal superimposing means during the respective dif 
ferent cycles to provide an address signal in each 
said cycle based upon a conditional branch selec 
tion from a set of M distinct signal possibilities, 
where M is an integer other than a power of the 
number 2. 

8. An ef?cient organization of microprogram controls 
comprising: 
means cyclically operable to selectively produce con 

trol microinstruction signals; 
a plurality of sources of branch control signals includ 

ing predetermined and variable signals; 
means responsive to a ?rst part of each microinstruc 

tion signal to select a pair of ?rst and second branch 
control signals for further handling; 

?rst and second OR circuits each having ?rst, second, 
and third inputs; 

said ?rst inputs of said OR-circuits receiving respective 
ones of said selected pair of branch control signals; 

two pairs of AND-circuits; a ?rst pair having output 
connections to the second and third inputs of said 
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10 
?rst OR-circuit, and a second pair of AND-circuits 
having output connections to the second and third 
inputs of the second OR-circuit; 

the outputs of said OR-circuits connecting to said 
microinstruction signal producing means for control 
ling the sequential selection of microinstructions 
therein; 

said AND-circuits each having ?rst and second inputs; 
said ?rst inputs of said AND-circuits receiving four 

mutually exclusive signals derived from a second part 
of each said microinstruction signal; 

?rst and second inverting circuits having inputs coupled 
to respectively receive said ?rst and second branch 
control signals; 

said ?rst branch control signal and the output of said 
?rst inverting circuit connecting to respective second 
inputs of said second pair of AND-circuits; and 

said second branch control signal and the output of said 
second inverting circuit connecting to respective sec 
ond inputs of said ?rst pair of AND-circuits. 

9, Controls organized according to claim 8 wherein: 
a plurality of said microinstructions contain ?rst and 

second parts which are related in sequence to invari 
ably produce a selective branch signal transforma~ 
tion, and a corresponding transformed branch in the 
selection of microinstruction signals, over a plurality 
of cycles of operation of said microinstruction signal 
producing means in which the total number of micro 
instruction selection possibilities is other than an in 
tegral power of the number 2. 
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